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Abstract
Permian–Triassic boundary microbialites (PTBMs) that formed directly after the end-Permian extinction in the South China 
Block are dominated by one structure, a lobate-form calcium carbonate construction that created extensive very thin (ca. 
2–20 m thick) framework biostromes in shallow marine environments, effectively occupying the ecological position of the 
prior pre-extinction Permian reefs and/or associated carbonates. In the field, vertical sections show the microbialite is den-
drolite (branched) and thrombolite (clotted), but because thrombolite may include branched portions, its structure is overall 
best classed as thrombolite. In the field and in polished blocks, the microbial material appears as dark carbonate embedded 
in lighter-coloured micritic sediment, where details cannot be seen at that scale. In thin section, in contrast to the largely 
unaltered micritic matrix, the microbial constructor is preferentially partly to completely recrystallised, but commonly passes 
gradationally over distances of a few mm to better-preserved areas comprising 0.1–0.2 mm diameter uneven blobs of fine-
grained calcium carbonate (micrite to microsparite). The lobate architecture comprises branches, layers and clusters of blobs 
ca. 1–20 mm in size, and includes constructed cavities with geopetal sediments, cements and some deposited small shelly 
fossils. Individual blobs in the matrix may be fortuitous tangential cross sections through margins of accumulated masses, 
but if separate, may represent building blocks of the masses. The lobate structure is recognised here as a unique microbial 
taxon and named Calcilobes wangshenghaii n. gen., n. sp. Calcilobes reflects its calcium carbonate composition and lobate 
form, wangshenghaii for the Chinese geologist (Shenghai Wang) who first detailed this facies in 1994. The structure is 
interpreted as organically built, and may have begun as separate blobs on the sea floor sediment (that was also composed 
of micrite but is interpreted as mostly inorganic), by microbial agglutination of micrite. Because of its interpreted original 
micritic–microsparitic nature, classification as either a calcimicrobe (calcified microbial fossil) or a sedimentary microbial 
structure is problematic, so C. wangshenghaii has uncertain affinity and nature. Calcilobes superficially resembles Renalcis 
and Tarthinia, which both form small clusters in shallow marine limestones and have similar problems of classification. 
Nevertheless, Calcilobes framework architecture contrasts both the open branched geometry of Renalcis, and the small tighter 
masses of Tarthinia, yet it is more similar to Tarthinia than to Renalcis, and may be a modification of Tarthinia, noting that 
Tarthinia is known from only the Cambrian. Calcilobes thus joins Renalcis, Tarthinia and also Epiphyton (dendritic form) 
and others, as problematic microbial structures. Calcilobes has not been recognised elsewhere in the geological record and 
may be unique to the post-end-Permian extinction facies. C. wangshenghaii occurs almost exclusively in the South China 
Block, which lay on the eastern margin of Tethys Ocean during Permian–Triassic boundary times; reasons for its absence 
in western Tethys, except for comparable fabrics in one site in Iran and another in Turkey, are unknown.
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Introduction and aim
Microbialite deposits formed directly following the end-
Permian extinction in shallow marine carbonate environ-
ments in Tethys, and constitute a very thin (ca 2–20 m 
thick) unit of presumed organic origin, for a short period 
crossing the Permian–Triassic boundary, described in a 
wide variety of publications (e.g. Ezaki et al. 2003; Baud 
et al. 2005; Pruss et al. 2006). These Permian–Triassic 
boundary microbialites (PTBMs) vary in nature in the 
different parts of Tethys, with notable contrasts between 
western and eastern Tethys (Kershaw 2015). The South 
China Block was a distinct small continental mass during 
that time (Fig. 1), where the microbialite was developed 
separately from other areas. Although stromatolites are 
present in some sites (Adachi et al. 2017; Zhang et al. 
2020a), the dominant microbial form is a lobate structure 
not seen in other areas except for one locality in NW Iran 
(Maaleki-Moghadam et al. 2019) and another in Turkey 
(SK unpublished observations of newly-processed sam-
ples). In South China (Fig. 2), the microbialite has char-
acteristics of both microbially related sediment and calci-
microbes (calcified microbial fossils that may or may not 
be skeletal in origin), see Figs. 3, 4, 5, 6, 7, 8, described 
later. However, understanding of the nature of the PTBMs 
in the South China Block is hampered by extensive re-
crystallisation, leaving only remnant fabrics in most sam-
ples (Fig. 3). Nevertheless, the material commonly has 
sufficient preservation of a micritic–microsparitic texture 
to allow recognition that this is likely to be the original 
fabric (Figs. 4, 5, 6, 7, 8) and detailed examination leads 
to the conclusion that it is a unique microbial structure in 
the fossil record, which warrants its own taxon. This study 
therefore aims to emphasise the distinctness of the South 
China Block microbialite by establishing a new micro-
bial taxon, which may be limited to the Permian–Triassic 
interval. Because of copious illustration in the literature 
of field, polished blocks and thin sections of the lobate 
fabric, only essential images are presented here, to sup-
port the taxonomic treatment and discussion of the nature 
of the material.       
Brief history of study
The first description of the deposit studied here was by 
Reinhardt (1988, Pl. 38, Fig. 3), who described its features 
as “.. patterned Changxing carbonates.. “, thus he regarded 
it as part of the latest Permian deposits. Reinhardt (1988) 
attributed the domal upper layers of the structure to 
embryonic teepees resulting from evaporation at the time 
of the lowest sea level position of the Phanerozoic Eon. 
However, the most significant early study is by Wang et al. 
(1994) in a Chinese paper that described the deposit in 
detail and interpreted the structure as fossil soil because of 
its superficial resemblance to pedogenic forms of caliche 
profiles (e.g. Esteban and Klappa 1983, Fig. 43). Thus, the 
structure was referred to by Wang et al. (1994) as a crust 
developed on the eroded surface of the latest Permian reefs 
during the lowstand. That interpretation was made prior to 
general recognition of microbial facies in this interval and 
a key part of the problem of identification is the pervasive 
recrystallisation of the fabric. Lehrmann (1999, working 
in Guizhou) and Kershaw et al. (1999, working in Sichuan 
and Chongqing) recognised the microbial nature of the 
deposit, and applied the term “Renalcis-like” in acknowl-
edgement of the lobate micritic rims infilled with sparite, 
that is commonly observed, which seemed to be consistent 
with a chambered architecture.
Microbialite main features
According to the original definition (Burne and Moore 
1987): “Microbialites are organosedimentary deposits 
formed from interaction between benthic microbial com-
munities (BMCs) and detrital or chemical sediments.”. 
Fig. 1  a Global palaeogeographic reconstruction of the Permian–
Triassic boundary time, showing South China (SC) Block in eastern 
Tethys; interpreted ocean circulation shown in dashed arrows. b Map 
of China showing location of Chongqing SAR, and Chongqing City. c 
Summary geological map of region around Chongqing City, showing 
location of Laolongdong (yellow star, see text for coordinates), 30 km 
NE from Beibei; purple: Triassic and older rocks, including the Per-
mian–Triassic boundary facies, in folded rocks exposed as ridges on 
the landscape; dark and light blue: Early and Middle Jurassic rocks, 
respectively
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Under that broad definition, the microbialite studied here 
has thrombolite and dendrolite forms because of its clotted 
and digitate appearance, respectively, in vertical section in 
outcrops and polished block (mesoscale) views. Kershaw 
et al. (2007) applied the term digitate dendrolite to PTBMs 
in Sichuan. However, Riding (2011a) presented a cogent 
argument that a dendrolitic form seen in vertical section 
may also be classed as a thrombolite because in transverse 
section the branched architecture appears as clots on a 
cut surface. Overall, therefore, these structures within the 
PTBMs are best described as thrombolites.
Within thrombolites generally in the rock record, the 
construction may vary; the principal components may be 
a combination of calcimicrobes (= calcified microbial fos-
sils), clotted micrite (presumed biogenically influenced or 
controlled (Riding 2011a) and cement. Within calcimi-
crobes, there are complications of classification, because 
some calcimicrobes are clearly calcified filaments and 
sheaths of such organisms as cyanobacteria (e.g. Girva-
nella, Rivularia) but others are composed of micrite (e.g. 
Renalcis, Epiphyton, Tarthinia, generally relevant to this 
study) that are problematic because there are potential 
alternative mechanisms for their formation. For example, 
Renalcis has been variously interpreted as a calcimicrobe 
(Riding 2011b), a calcified biofilm (Stephens and Sumner 
2002) and a diagenetic alteration product (Pratt 1984). 
Furthermore, Lee et al. (2014) drew attention to the simi-
larity between Renalcis and Tarthinia, and noted the pos-
sibility that both are diagenetic structures. The PTBMs of 
the South China Block are composed largely of recrystal-
lised structure that contains evidence of an original mic-
ritic form, but demonstrates structure that some authors 
have called calcimicrobes (e.g. Kershaw et  al. 2012), 
although is actually problematic to precisely classify, with 
similarity to both Renalcis and Tarthinia, discussed later. 
The PTBMs occur over a substantial area of the South 
China Block, on top of the latest Permian deposits (e.g. 
Xie et al. 2010). Although stromatolites (defined as being 
layered) occur in some places (Zhang et al. 2020a), the 
lobate thrombolitic structure is the dominant form.
Systematics and description
Recognising the unique form presented by the South China 
PTBM thrombolite, we propose a new taxon to define it.
Phylum, Class, Order and Family: unknown.
Genus: Calcilobes, n. gen.
Etymology: Calcilobes is named for the lobate fabric of 
the solid (unchambered) micritic–microsparitic structure, 
made of calcium carbonate.
Type species: Calcilobes wangshenghaii, n. sp.
Diagnosis: Masses of circular to irregularly elliptical 
blobs of solid micritic–microsparitic calcium carbonate; 
blobs are 0.1–0.2 mm in largest dimension, as seen in thin 
section (Figs. 3, 4, 5, 6). Blobs are mostly amalgamated 
as a constructed lobate framework of branches, layers and 
clusters ca. 1 – 20 mm in size, enclosing small cavities with 
geopetal sediments and cements. The lobate framework is 
accompanied by individual subspherical blobs of the same 
texture, size and shape, that occur in two locations: (1) as 
distinct structures surrounded by the carbonate mudstone 
matrix of the deposit (Figs. 6, 8); and (2) as peloids in geo-
petal cavities within the lobate framework (Fig. 7), that may 
have been washed into the cavities. We note that individual 
blobs in the matrix may be fortuitous tangential cross sec-
tions of margins of accumulated masses. Nevertheless, in 
some samples, these separate blobs show gradation from 
the un-clotted matrix (Fig. 9), leading to the possibility that 
there is a genetic relationship between the matrix sediment 
and the formation of C. wangshenghaii, discussed later.
Despite their interpreted original solid texture, blobs are 
most commonly preserved with micritic–microsparitic out-
lines up to 0.1 mm thick mm thick, and sparite interiors, 
viewed here as a diagenetic aggrading recrystallisation of 
the interior, leaving the rim portion as the original, or close 
to original, texture. In cases of pervasive re-crystallisation, 
the rim is completely altered to sparite so that the lobate 
structure is a fully sparitic mass within the enclosing micrite 
matrix that appears unaltered.
Calcilobes wangshenghaii, n. sp.
Etymology: wangshenghaii is named in memory of 
Shenghai Wang, of Southwest Petroleum Institute (SWPI), 
Nanchong, Sichuan, China (that subsequently became South-
west Petroleum University in Chengdu). Shenghai Wang was 
born on 12 September 1962 in Fengxian, Shanxi Province 
and later was a PhD student of Prof Jiasong Fan, Beijing, the 
doyen of Permian reef work in China. Wang subsequently 
worked in SWPI on a range of petroleum-related projects on 
Permian reefs in Sichuan and Chongqing. Wang’s publica-
tion of the first full description of the lobate microbialite 
was in 1994 when he was 32 years old; however, in October 
1995, he sadly died. Descriptions and interpretations pre-
sented in this study are thus given in honour of that first 
account.
Types:  NIGP176542, thin section (holotype), 
NIGP176543, sample from which holotype was made; 
NIGP176544 thin section (paratype), NIGP176545, sample 
from which paratype was made. Total 4 specimens, stored at 
the Nanjing Institute of Geology, Nanjing, China.
Type locality: Holotype and paratype were collected from 
Laolongdong site, 15 km NE of Beibei city, Chongqing 
SAR, South China, (Fig. 1) from upper part of the microbi-
alite at 29° 53′ 26.45″ N, 106° 30′ 48.55″ E. The microbialite 
ranges from latest Permian Hindeodus praeparvus conodont 
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zone to earliest Triassic Hindeodus parvus conodont zone, 
thus crosses from Palaeozoic into Mesozoic strata. C. 
wangshenghaii holotype and paratype samples are not tied 
precisely to conodont stratigraphy, but are most likely from 
a basal Triassic horizon.
Diagnosis: Because Calcilobes is a new genus and C. 
wangshenghaii the only current species, the diagnosis is as 
above for Calcilobes.
Description: As stated above for the Calcilobes diagno-
sis, the lobate architecture is embedded in largely unaltered 
micrite matrix. In some cases, shelly fossils are preserved 
in the matrix and in cavities within the microbial material 
(Figs. 4, 5, 7). Microbial margins are in direct contact with 
enclosing micritic matrix, which in some cases consists 
of two generations of micritic fill (Fig. 6), recrystallised 
areas of microbialite are commonly preserved as a thin 
microsparitic rim with the interior altered to sparite. In few 
examples, a thin inward-pointing layer of calcite crystals 
is present (Fig. 6b). Despite its pervasive alteration, ghosts 
of lobate fabric remain throughout the structure in most 
cases, allowing its nature to be identified (Fig. 3), in gra-
dational transitions with better-preserved fabric in the same 
mass (Figs.  4, 5, 6, 7, 8). In extreme re-crystallisation, all 
internal structures are lost, even the microsparitic rim is 
replaced by sparite, but the lobate nature of the structure is 
still recognisable due to its lobate margins, thus forming a 
cast in normally unaltered micritic matrix. There is sporadic 
dolomitization of the recrystallised lobate structure and of 
the adjacent matrix. Overall, C. wangshenghaii built lay-
ers ca. 10–30 cm thick separated by small breaks, normally 
obscured by stylolites, but in some cases identified as ero-
sion surfaces (Kershaw et al. 2012). Commonly, the layers 
are laminar in the lower part of the deposit, but become 
domed in the upper part, where a digitate form is commonly 
displayed (Fig. 2).
Remarks: C. wangshenghaii. occurs across a large part 
of the South China Block (see Xie et al. 2010, fig. 1 for dis-
tribution map of the microbialite). Holotype and paratype 
samples described here are of a partly digitate, partly amal-
gamated style of growth in the upper portion of the micro-
bialite unit. The appearance of a thin-branched digitate form 
is the most common view, because most exposures show 
the structure in vertical section (compare Fig. 2a–c with 
Fig. 2d). However, Fig. 2f shows the material in transverse 
section where the amalgamation is well demonstrated. The 
amalgamated material shows the microbial structure very 
well. More field, hand specimen, thin section and SEM pho-
tographs from this facies are widely published, very good 
examples of which are in Ezaki et al. (2003, 2008).
C. wangshenghaii also contains ostracods, gastropods 
and microfossils trapped inside its structure (e.g., Yang et al. 
2011), the microfossils are most commonly spherical objects 
ca 0.01 mm in diameter (see Kershaw et al., 2012, Fig. 4d). 
Also, in some places, tiny elongate chambered structures 
occur, named as “Polybessurus-like fossils” (PLFs) by 
Zhang et al. (2020b), and similar structures called Gakhu-
mella by Wu et al. (2017). Hughes (2013, Fig. 3) placed 
Gakhumella in an intertidal to hypersaline environment, con-
trasting the subtidal setting of the PTBM. In the PTBMs, the 
structures called PLFs and Gakhumella may be the same 
fossil. However, these additional components are rare in the 
lobate fabrics, existing only as fragments that seem to have 
been deposited via currents on the surface of the microbialite 
as it grew; they are not components of frame building, so do 
not contribute to the taxonomic description of the microbi-
alite presented here.
Comparisons with other similar microbial taxa are pre-
sented in Fig. 10, comparing C. wangshenghaii with Renal-
cis and Tarthinia. Renalcis forms small masses of chambered 
micritic structure with sparite infills; Tarthinia is likewise 
chambered (Lee et  al. 2014) and forms small masses. 
Although at small scale, there are similarities between C. 
wangshenghaii and Renalcis/Tarthinia, the latter two do not 
form the complex arrangements that comprise individual 
blobs and the constructed frameworks with geopetal cavities 
seen in C. wangshenghaii.
Cavities and fills
The constructed framework of C. wangshenghaii has numer-
ous small (up to ca 10 mm) internal cavities, interpreted 
here as constructed as the framework developed. The cavi-
ties accumulated five kinds of fill components:
Fig. 2  Views of Permian–Triassic Boundary Microbialites (PTBMs) 
at Laolongdong. a, b Field views of vertical sections of PTBM show-
ing digitate and amalgamated structure of the microbialite. Inset in a 
shows the entire thickness of the microbialite at Laolongdong, with a 
laminar form in the lower part and domal in the upper part; the main 
picture is the domal upper part comprising a mixture of digitate and 
amalgamated structure. c Vertical section of polished block show-
ing common digitate structure. d–g Views of holotype and paratype 
specimens of Calcilobes wangshenghaii n. gen., n. sp, samples that 
have an amalgamated microbial architecture (see text for description). 
d, e are the holotype (vertical sections); d is polished block, e is a 
scanned thin section. f, g are the paratype (transverse sections); f is 
polished block, g is a scanned thin section; in d and f, dark areas are 
the microbial structure, grey is intervening micritic sediment; in e and 
g, light areas are the microbial structure, dark areas are the interven-
ing sediment
◂
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1. Micritic sediment, interpreted as mechanically depos-
ited between branches and in cavities in the framework 
(Figs. 3, 4, 8);
2. Large peloids that commonly have altered centres, with 
an identical appearance to the partially altered inner por-
tions of the lobate architecture (Fig. 7);
3. Clotted micrite (well preserved) partially occupying cav-
ity space (Figs. 6, 8, 9);
4. Small peloids filling much of remaining space in cavities 
(Figs. 6, 8);
5. Sparite cement filling remaining space (Fig. 7).
Discussion
Affinity and comparisons
Because the original structure of C. wangshenghaii is 
interpreted here to have been a solid mass of fine-grained 
calcium carbonate, the issue of what process created the 
structure presents problems. Differences between Cal-
cilobes, Renalcis and Tarthinia are shown in Fig.  10. 
Calcilobes lacks the chambered structure diagnostic of 
Renalcis and Tarthinia (Riding 2011b). Renalcis and 
Tarthinia are commonly viewed as calcimicrobes, there-
fore calcareous fossils, but even this is controversial; as 
noted earlier, Renalcis, Tarthinia and Epiphyton may be 
diagenetic structures (Pratt 1984; Stephens and Sumner 
Fig. 3  a, b Views of the holotype of C. wangshenghaii (vertical sec-
tion), showing the typical recrystallised structure of the microbial 
material, contrasting well-preserved intervening matrix. In b, detail 
of the recrystallisation shows the margins of the microbial branches 
are preserved as micrite–microsparite, contrasting the larger sparite 
crystals in the interior, giving the impression of chambered Renalcis-
like fabric, yet the structure is clearly recrystallised, considered in 
the text. The small areas of sparite within the matrix are of uncertain 
origin; some or all may be recrystallised bioclasts, but may instead 
be evidence of sponges interpreted by some authors (e.g. Baud et al. 
2021; Foster et al. 2019; Friesenbichler et al. 2018) to occupy space 
between microbial branches
Fig. 4  Vertical section of another part of the holotype of C. 
wangshenghaii showing its amalgamated lobate architecture, with 
variable preservation. Dark areas between microbial branches are 
intervening micritic sediment. Boxes show the areas of Figs. 5 and 6
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2002; Lee et al. 2014). Although there is some similarity 
with the micritic branching structure of Tarthinia (Lee 
et al. 2014), Calcilobes is not the same as other microbial 
forms. There is sufficient difference from the small cham-
bered masses of Tarthinia that the PTBM form cannot be 
attributed to it (Fig. 10). Wu et al. (2014) compared the 
recrystallized individual blobs described in this study with 
modern cyanobacterium Microcystis that forms blooms 
in modern freshwater environments, where masses of the 
cyanobacterium develop. Microcystis is planktonic (Xiao 
et al. 2018) and non-calcifying, so for it to form a benthic 
complex calcified mass, it is necessary to explain how it 
could accumulate to form a framework with constructed 
cavities, and no obvious mechanism is demonstrated for 
modern planktonic bacteria. Furthermore, Wu et al. (2016) 
interpreted the PTBM recrystallized form as represent-
ing fossilized representatives of the modern cyanobacte-
rium Stanieria, although similarity of form is not proof of 
affinity; also Stanieria occurs as spheres (Wu et al. 2016, 
Fig. 4), and does not develop irregular outlines, in contrast 
to the greater variability of form of blobs in C. wangsheng-
haia. We also note that Tarthinia has been described from 
only Cambrian-age rocks, it is absent in later strata so the 
similarity between Tarthinia and Calcilobes is remarkable. 
The possibility exists that Calcilobes is a modified form of 
Tarthinia, that resurged after the largest mass extinction 
to form the extensive masses seen across the South China 
Block; whether that gives credence to the views of some 
authors that the post-extinction facies are anachronistic 
(Baud et al. 2007) remains an area for continuing debate.
If C. wangshenghaii formed originally as solid blobs of 
micritic/microsparitic material, then its function as calci-
microbe is in question; it is unlike the hollow filaments or 
sheaths that constitute, such calcimicrobes as Girvanella or 
Rivularia, for example, and thus draws attention to the pos-
sibility that C. wangshenghaii is comprised of microbially 
constructed sedimentary carbonate, not a calcimicrobe. Dis-
criminating between these two possibilities depends on the 
original structure, so that classification of C. wangshenghaii 
suffers the same classification uncertainties as do Renalcis, 
Tarthinia, Epiphyton and other microbial genera.
The common partial alteration of solid micrite–micro-
sparite to a structure with micritic–sparitic rims and sparite 
interiors also demands an explanation; why are the inte-
riors seemingly more susceptible to recrystallisation than 
the rims? The answer may lie in the possibility that C. 
wangshenghaii formed by agglutination of micrite, so that 
the outer portion of the structure contained organic matter 
that partially protected it from alteration, in contrast to the 
interior of blobs.
Overall, because C. wangshenghaii lacks features which 
can be unequivocally linked to any microbial group, and 
partly because of the aggrading recrystallisation to sparite, 
its affinity remains open to interpretation. Nevertheless, C. 
wangshenghaii is interpreted here as organic, on the grounds 
of its morphology and preferential recrystallisation in con-
trast to the well-preserved micritic sediment in its interstices. 
Nevertheless, whether it was a bacterium or cyanobacterium 
or other organic structure is not known. Consequently, there 
is no supporting evidence that would demonstrate whether 
it was photosynthesizing or not, thus, interpretations of a 
cyanobacterial origin may or may not be correct. Neverthe-
less, interpretation that such similar structures as Tarthinia, 
Renalcis and Epiphyton may have been cyanobacteria is well 
known in literature (see discussions in Riding 2011b; Lee 
et al. 2014; Liu et al. 2016; Zhang et al. 2019), so do not 
preclude the option of a cyanobacterial nature for the C. 
wangshenghaii in the PTBMs. Implications for palaeo-envi-
ronmental reconstructions are obvious and will need further 
work to determine this aspect.
Finally, it may be argued that because areas of the throm-
bolitic structure are so strongly recrystallized that all inter-
nal structure is lost, there is a question as to whether other 
components were present in the microbialite construction, 
that are not preserved. Such a situation may be difficult to 
verify, but a key point is that wherever structure is observed, 
it has the lobate morphology in all cases, and provides confi-
dence that the microbialite (apart from the uncommon stro-
matolites) was built by a single microbial taxon. That would 
be remarkable given its large areal extent across the South 
China Block, noting that Cambrian occurrences of simi-
lar microbial forms (e.g. Lee et al. 2014) are composed of 
numerous microbial genera occurring adjacent to each other.
Mineralogy
C. wangshenghaii occurs with ostracods, molluscs and other 
fossils that accumulated in the matrix between microbial 
branches, and uncommonly within the microbialite struc-
ture (e.g., Yang et al. 2011). Ostracods are low-magnesium 
calcite (LMC) and are consistently very well preserved; in 
contrast, molluscs are consistently preserved as sparite infills 
of moulds indicating either solution then sparite infilling, 
or recrystallisation to sparite, hence reflecting their origi-
nal aragonitic composition. C. wangshenghaii, however, 
is normally partly preserved with micritic rims and sparite 
interiors (hence the prior Renalcis-like attribution as dis-
cussed above), but in places where it is strongly recrystal-
lized, the structure is represented by large calcite crystals. 
In some cases, there are inclusions of small rhombohedral 
carbonate that does not stain with Alizarin Red S, attrib-
uted to dolomite (not illustrated here, see Ezaki et al. 2008, 
Fig. 8D). The textural discrimination between preservation 
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of C. wangshenghaii in contrast to LMC and original arag-
onite shells provides an argument that C. wangshenghaii 
was formed originally of high-magnesium calcite (HMC), 
with the magnesium being released during diagenesis 
to form dolomite, following the arguments presented by 
Lohmann and Meyers (1977). However, in the case of C. 
wangshenghaii, dolomite rhombs occur sporadically within 
the microbial carbonate and surrounding matrix, so there is 
not a consistent link. This situation is a curious parallel to 
the preservation of (unrelated) Palaeozoic stromatoporoid 
sponges, which may have been HMC (Kershaw et al. 2021), 
but also unverified, partly due to a similar inconsistency of 
distribution of microdolomite rhombs.
Other investigations may aid the interpretation of C. 
wangshenghaii. Cathodoluminescence (CL) images (Zhang 
et al. 2021, Fig. 7) show the micritic matrix has the same 
dull CL response as the micritic portions of the microbial 
material, contrasting the sparitic areas of the microbial struc-
ture, which are more brightly luminescent. This contrast is 
consistent with our interpretation that the micritic areas are 
close to the original microbial material, while the sparitic 
areas are recrystallized (probably in early diagenesis below 
the redox boundary) to form brightly luminescing portions. 
Stable carbon and oxygen isotope work (e.g., Mu et al. 2009; 
Zhang et al. 2021) show the microbial branches have similar 
ratios to the adjacent sediment, evidence that the microbial 
structure formed in equilibrium with ambient seawater, but 
such evidence does not aid determination of the nature of the 
structure, since many organisms precipitate calcium carbon-
ate in equilibrium with seawater. SEM studies have revealed 
Fig. 5  a Enlargement of upper box in Fig.  4, showing vertical sec-
tion of details of lobate fabric of holotype of C. wangshenghaii. 
The lobate microbial structure is composed of microsparitic outer 
parts grading to recrystallised sparite in the interior parts. Yellow 
arrow highlights that the matrix has a clotted aspect because of an 
uneven-shaped cavity filled with small peloids, bioclasts and cement. 
Note articulated ostracod carapace centre left (red arrow). b enlarge-
ment of central part of a, emphasising the partly recrystallised 
nature of lobate fabric, clotted micrite matrix, cavity and bioclasts. 
c Enlargement of centre of b showing micritic–microsparitic nature 
of lobate fabric undergoing incipient alteration. Centre-left is a small 
area of identical fabric that may be either an individual blob of C. 
wangshenghaii or a fortuitous cross section through the margin of the 
framework in section parallel to the plane of the photograph
Facies (2021) 67:28 
1 3
Page 9 of 15 28
little so far, only that the structure is recrystallized (e.g. Wu 
et al. 2017). As stated above, the solid fine-grained struc-
ture opens the question as to how it would have functioned 
as a calcimicrobe, since it lacks chambers and presumably 
did not contain internal organic tissue in the same sense 
that cyanobacteria do. Consequently, the construction of C. 
wangshenghaii remains enigmatic, perhaps appropriate to 
the unusual conditions immediately after the end-Permian 
extinction! Nevertheless, the distinctness of its structure, in 
contrast to other microbial-type structures, strengthens our 
view that it merits designation as a new microbial taxon. C. 
wangshenghaii occurs along with stromatolites (lacking the 
lobate texture) in some places, which implies that they were 
constructed by different processes, and thus likely different 
organic constructors.
Individual blobs of C. wangshenghaii
The larger peloids shown in Figs. 7 and 8 commonly have 
centres that have undergone alteration to microsparite, iden-
tical in thin section to the adjacent lobate framework. Peloids 
Fig. 6  a Enlargement of lower box in Fig.  4, showing vertical sec-
tion of details of lobate fabric of holotype of C. wangshenghaii. b, 
c Enlargement of box in a, showing variable preservation of lobate 
fabric, part of which is better preserved (light brown areas with dark 
micritic rims). b, c also show clotted micrite is the first partial fill of 
space in the microbial frame, with small peloids and fine sparite fill-
ing remaining space; these images provide evidence that the lobate 
microbial structure was less stable in diagenesis than the fills
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in the matrix in Fig. 8 may be tangential sections through 
margins of microbial branches that lie out of the plane of 
the thin sections, but those in Fig. 7 are more reasonably 
viewed as being particulate fills in cavities in the microbi-
alite. Peloids are generally recognized to be uniform solid 
objects (Burne and Moore 1987; Scoffin 1987; Tucker and 
Wright 1990) and those that have internal structure are gen-
erally considered to be highly micritized bioclasts (Adams 
and MacKenzie 2001). Peloids in Fig. 8, and maybe Fig. 7, 
however, are best explained by alteration of their interi-
ors from an original solid micritic structure. The similar-
ity between these peloids and the C. wangshenhaii fabric, 
and the difference between these peloids and the normal 
appearance of peloids, raises the question about the nature 
of these particular peloids within the framework. A similar 
point emerges from examination of Fig. 9 that illustrates 
material from another site, showing gradations within the 
matrix fill, from unstructured micrite to a clotted form, in 
close association with the lobate form of C. wangshenghaii. 
Thus, we theorise that the peloids in Fig. 8 (and possibly 
Fig. 7) and the clotted micrite in Fig. 9, are the first stage of 
development of lobate microbia of C. wangshenghaii and 
may reflect microbial agglutination of micrite to form the 
blobs on the post-extinction sea floor. The characteristic of 
the cavity-filling peloids in Fig. 8, together with the individ-
ual lobate objects found in interstices in the framework, may 
be explained if C. wangshenghaii blobs formed initially as 
individual approximately spherical objects on the sea floor, 
that accumulated and merged to grow into a framework with 
cavities (see reconstruction in Fig. 10c). Some cavities then 
Fig. 7  Microbial framework of holotype of C. wangshenghaii in ver-
tical section. a Partly recrystallised lobate microbial material with 
two small cavities (arrows), containing geopetal peloidal fills. b–d 
Enlargements of the upper cavity in a, showing that the peloids in 
the cavity are partly altered in the same style as the lobate microbial 
fabric, creating the impression that the peloidal objects may be the 
precursors of lobate framework development, here forming as slightly 
later deposition, washed into cavities, after the main framework had 
grown. Thus C. wangshenghaii may have formed as round blobs of 
micrite that amalgamated into a framework, and in this case, some 
later blobs were deposited within cavities in the framework, while it 
was still on the sea floor, open to water circulation; see text for dis-
cussion
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received further blobs washed in by currents, accounting for 
their presence in examples such as in Figs. 7, 8.
Distribution
C. wangshenghaii reported here occurs throughout shal-
low marine sequences in the South China Block, located in 
eastern Tethys Ocean (Fig. 1). However, a lobate microbi-
alite is known from one site in NW Iran (western Tethys) 
(Maaleki-Moghadam et al. 2019). Also, some samples from 
Çürük Dag in Turkey have remnant lobate fabric in material 
that is otherwise thrombolitic (SK unpublished observations 
of recently processed material). Otherwise PTBMs in west-
ern Tethys are substantially different from the South China 
Block. Given the interpreted ocean circulation (Fig. 1a) of 
Tethys, the differences between western and eastern Tethyan 
areas are unexplained. Further work is needed to fully assess 
these western Tethyan features, outside the scope of this 
study.
Fig. 8  Paratype specimen of C. wangshenghaii, showing transverse 
thin-section views. a, b (b is enlargement of box in a) partly recrys-
tallised lobate framework, with cavity occupied by peloids that have 
undergone partial alteration to leave micritic rims and recrystallised 
interiors. c, d (d is enlargement of box in c) lobate framework, partly 
recrystallised, with micritic matrix filling the cavity in the lobate 
framework. Partial alteration of discrete small patches visible in the 
micritic fill may be sections through margins of lobes in transverse 
section, although instead may be evidence of partial alteration of clot-
ted fill in the same style as the C. wangshenghaii microbial architec-
ture
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Fig. 9  C. wangshenghaii branch margin, from another sample, not 
holotype or paratype, with associated clotted micrites that form the 
matrix in some areas of the microbialite. a Vertical section showing 
largely recrystallised microbial branches left and right, with clotted 
micrite between. The clotted micrite contains apparent individual C. 
wangshenghaii blobs, partly altered, surrounded by micritic clots that 
show gradation to unclotted micrite in central lower part of image, 
adjacent to the pyrite crystal (opaque). b, c Enlargements of box in a, 
showing clotted micrite adjacent to partly altered C. wangshenghaii 
blobs. d–f Another thin section from the same specimen as a-c, show-
ing further examples of the same fabrics, of C. wangshenghaii and 
clotted micrites in the matrix. See text for discussion. Baizhuyuan 
site, northern Sichuan (see Kershaw et al. 1999, for locality details)
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Fig. 10  C. wangshenghaii microbial architecture and renalcid fossils, 
compared, at the same scales. a, b (b is enlargement of lower central 
part of a) Vertical thin section of another sample of C. wangsheng-
haii (not the holotype or paratype), ground to a thinner slice than 
Figs.  3, 4, 5, 6, 7, showing variation of preservation; in b, micro-
sparitic structure is seen on the left half of the image, with recrystal-
lised to sparite with microsparitic rims on the right half. Baizhuyuan 
site, northern Sichuan. c Schematic 3D reconstruction of growth style 
of C. wangshenghaii, including lobate fabric and individual blobs 
in the sediment. d, e Renalcis from patch reef, Xiannüdong Forma-
tion, Cambrian, Tiangjiahe, northern Sichuan, China  (sample pro-
vided by Hao Tang). f, g Tarthinia, Cambrian, Zhushadong Forma-
tion, Cambrian, Sunmayu section, central Shandong Province, China 
(image provided by Jeong-Hun Lee, see Lee et  al. (2014). These 
images show the structure of Renalcis and Tarthinia differs from C. 
wangshenghaii 
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Conclusion
1.. The principal constructor of Permian–Triassic Bound-
ary Microbialites (PTBMs) in the South China Block 
is a framework interpreted to have been composed 
originally of micritic–microsparitic carbonate forming 
a unique microbial growth that has a lobate architec-
ture, here formalized as a new microbial taxon Cal-
cilobes wangshenghaii n. gen, n. sp. The framework is 
developed in layers and domes to construct extensive 
microbial biostromes in the South China Block; another 
constructing component is agglutinated stromatolite 
(lacking the lobate fabric) in some localities, in some 
cases forming in close proximity to C. wangshenghaii, 
and thus interpreted as constructed by a different pro-
cess.
2. Discrete subspherical blobs of similar micritic–micro-
sparitic material within cavities and within the matrix 
micrite between branches of C. wangshenghaii may be 
evidence of early formation of blobs of the microbial 
structure on the sea floor, that amalgamated to form the 
framework biostromes abundant in South China after the 
mass extinction.
3. C. wangshenghaii commonly shows gradational recrys-
tallization to sparite, and in some places is sporadi-
cally dolomitized. In contrast, the micritic matrix in 
which C. wangshenhaii formed is normally unaltered, 
evidence that C. wangshenghaii was composed of an 
original mineralogy different from the matrix in which 
it is found. Ostracod shells (low-magnesium calcite) 
are better preserved and molluscs (originally aragonite) 
are poorly preserved, thus are fabric indicators that C. 
wangshenghaia may have had an original high magne-
sium calcite mineralogy. However, this is not corrobo-
rated by the sporadic pattern of dolomitization.
4. Similarity between C. wangshenghaii and compara-
ble microbial taxa composed of micritic structure (in 
particular Renalcis, Tarthinia and Epiphyton) empha-
sizes the problem of classification of such microbial 
structures, leading to uncertainty as to whether C. 
wangshenghaii should be considered a calcimicrobe or 
a microbial sediment structure.
5. C. wangshenghaii dominates the post-extinction micro-
bialites in the South China Block, and is known from 
only two other isolated occurrences, both in western 
Tethys (NW Iran and Turkey); reasons for this palaeo-
geographic limitation are unknown.
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